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(54) ELECTRIC DRIVING SYSTEM FOR VEHICLE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the reliability of take-off assist 
by providing controlling means for controlling to increase/decrease input 
torque of an electric motor. 

SOLUTION: For take-off assist, output torque of electric motors 7L, 7R 
are controlled in order to prevent a rear wheel from slipping. 
Acceleration of each left and right wheel is calculated based on the 
signal variation of a rear wheel speed sensor, then it is Judged whether 
or not each acceleration is above the first set value, a criterion for slip. 
If the acceleration is above a first set value, it is Judged whether or not 
the acceleration is below a second set value criterion for grip recovery. 
If the acceleration is below the second set value, a target value of 
output torque of the respective electric motors 7L, 7R is set higher. If 
the acceleration is above the first set value, a target value of output 
torque of the electric motors 7L, 7R is set lower. Each of the electric 
motors 7L, 7R is thereby driven controlled so that its output torque 
becomes the target value. 
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♦ NOTICES * 

JPO and NCI PI are not responsibmVr any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electromotive driving gear for cars characterized by what a coupled driving wheel is driven on the 
driving wheel which drives one side of a front wheel and a rear wheel with an engine, and the car which uses 
another side as a coupled driving wheel with an electric motor, and it is equipped with the control means which 
carries out increase and decrease of the output torque of an electric motor of control according to the angular 
acceleration of a coupled driving wheel at the time of the drive of the coupled driving wheel by the electric 
motor for in the electromotive driving gear for cars formed that start of a car should be assisted. 



[Translation done.] 
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JPO and NCIPI are not responsible^or any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electromotive driving gear for cars carried in the driving 
wheel which drives one side of a front wheel and a rear wheel with an engine, and the car which uses another 
side as a coupled driving wheel. 
[0002] 

[Description of the Prior Art] To mu of a road surface, although what drives a coupled driving wheel with an 
electric motor, and assisted start of a car as this kind of equipment at the time of start on low mu ways (mu is 
coefficient of friction), such as a snowy road, is known conventionally, if the driving force of a coupled driving 
wheel is excessive, a coupled driving wheel slips and the effectiveness of start assistance may not no longer be 
acquired. 

[0003] Then, the slip ratio of a driving wheel is calculated from the rotational-speed difference of a driving wheel 
and a coupled driving wheel, it asks for mu of a road surface from the correlation of this slip ratio and the driving 
force of a driving wheel, and what prevented the slip of the coupled driving wheel at the time of start assistance 
is known by controlling the output torque of an electric motor to the value according to this mu (refer to JP,8- 
300965,A). 
[0004] 

[Problem(s) to be Solved by the Invention] It is the thing of the above-mentioned conventional example, and 
what it is asking for is the road surface mu of the touch-down part of a driving wheel, the road surface mu of 
the touch-down part of a coupled driving wheel becomes excessive [ the output torque of an electric motor ], 
when lower than the road surface mu of the touch-down part of a driving wheel, and produces a slip of a coupled 
driving wheel, the output torque of an electric motor is regulated superfluously and a part conversely higher than 
the road surface mu of the touch-down part of a driving wheel has the fault by which the certainty of start 
assistance is spoiled. 

[0005] This invention makes it the technical problem to offer the electromotive driving gear for cars the 
certainty of start assistance was made to improve by controlling the output torque of an electric motor 
appropriately according to the road surface mu of the touch-down part of a coupled driving wheel in view of the 
above point. 
[0006] 

[Means for Solving the Problem] That the above-mentioned technical problem should be solved, this invention 
drove the coupled driving wheel on the driving wheel which drives one side of a front wheel and a rear wheel with 
an engine, and the car which uses another side as a coupled driving wheel with the electric motor, and equips it 
with the control means which carries out increase and decrease of the output torque of an electric motor of 
control according to the angular acceleration of a coupled driving wheel at the time of the drive of the coupled 
driving wheel by the electric motor in the electromotive driving gear for cars formed that start of a car should be 
assisted. 

[0007] If the driving force of a coupled driving wheel becomes excessive to the road surface mu of the touch- 
down part of a coupled driving wheel and a coupled driving wheel slips, the angular acceleration of a coupled 
driving wheel will increase. Therefore, the angular acceleration of a coupled driving wheel serves as a parameter 
showing the road surface mu of the touch-down part of a coupled driving wheel, and the output torque of an 
electric motor will be appropriately controlled according to the road surface mu of the touch-down part of a 
coupled driving wheel by fluctuating the output torque of an electric motor according to this angular 
acceleration. 

[0008] The road surface mu of the touch-down part of a coupled driving wheel is low, and when a coupled driving 
wheel becomes with some slip and angular acceleration increases, the output torque of an electric motor can be 
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decreased, a grip can be recov^M at an early stage, and when angular ^^|0ration does not increase highly, a 
road surface mu makes the ouqlr torque of an electric motor increase.^WT specifically, can perform start 
assistance efficiently. 

[0009] In addition, in the operation gestalt which carries out a postscript, processing from the step of S91 and 
S92 of drawing 4 to the step of SI 41 and SI 42 is equivalent to the above-mentioned control means. 
[001 0] 

[Embodiment of the Invention] Drawing 1 shows the front-wheel drive car which drives the front wheels 3L and 
3R on either side through a change gear 2 with an engine 1, and has formed the electromotive driving gear 5 
between rear wheel 4L of coupled driving wheel slack right and left, and 4R. 

[001 1] The electromotive driving gear 5 is equipped with the electric motors 7L and 7R of one pair of right and 
left attached in the gear case 6, and the differential gears 8L and 8R of one pair of power-transmission-device 
slack right and left within a gear case 6 as shown in drawing 2 . 

[0012] Each electric motors 7L and 7R consist of DC brush motors which have Rota 7a, stator 7b. and brush 7c, 
and have connected the moderation gear trains 9L and 9R with 7d of output shafts of each electric motors 7L 
and 7R. 

[0013] Each differential gears 8L and 8R consist of epicyclic gear type differential gears which have Sun Geer 
8a, ring gear 8b, and carrier 8d that supports planetary pinion 8c which gears with these both gears 8a and 8b. 
While connecting Sun Geer 8a of each differential gears 8L and 8R with said each moderation gear trains 9L and 
9R, carrier 8d of each differential gears 8L and 8R is connected with the axle of each rear wheels 4L and 4R 
through a constant-velocity joint 10. Moreover, ring gear 8b of the differential gears 8L and 8R on either side 
and 8b are connected, and it enables it to restrain rotation of ring gear 8b with the brake means 11. 
[0014] The brake means 1 1 consists of dog clutches which consist of the movable dog 1 10 which made the 
periphery of ring gear 8b carry out spline engagement, and the fixed dog 1 1 1 which shaft orientations were made 
to counter to the movable dog 1 10. and was fixed in the gear case 6, the brake means 1 1 turns on by making dog 
gear-tooth 1 10a of the end (left end) of the movable dog 110 engage with dog gear-tooth 1 1 la of the fixed dog 
111, and rotation of ring gear 8b is restrained. And the solenoid 112 which turns the movable dog 1 10 to the 
fixed dog 111, and moves to shaft orientations is formed, and it is made to carry out on-off operation of the 
brake means 11 by the solenoid 112. 

[0015] The solenoid 1 12 is equipped with rod 1 12c which resists spring 1 12b by the energization to the coil 1 12a. 
and is moved to shaft-orientations one side (left), attaches fork 1 12d which engages with rod 1 12c at the 
movable dog 110, and he is trying to make the movable dog 1 10 move to shaft orientations at rod 1 12c and one. 
[0016] Electric motors 7L and 7R and a solenoid 112 The front-wheel rate sensors 12L and 12R of the right and 
left which detect the rotational speed VFL and VFR of each front wheels 3L and 3R on either side as shown in 
drawing 3 , Whenever [ velocity-of-rear-wheel / of the right and left which detect the rotational speed VRL and 
VRR of each rear wheels 4L and 4R on either side ] Sensors 13L and 13R. The brake switch 14, the accelerator 
switch 15, and the sensor 16 that detects the rotational frequency NE of an engine 1, The sensor 17 which 
detects the throttle opening theta of an engine 1. and the shift position sensor 18 of a change gear 2, The G 
sensor 19 before and after detecting the cross-direction acceleration which is acting on a car, It is controlled by 
the controller 21 which inputs the signal from the horizontal G sensor 20 which detects the longitudinal direction 
acceleration which is acting on a car. and a controller 21 performs start assistant control and revolution 
assistant control. 

[0017] The detail is as being shown in drawing 4 , and the brake switch 14 turns it off (SI). ON (S2) and a 
change gear 2 An un-neutral condition (S3), [ the accelerator switch 15 ] When four conditions of (S4) are 
satisfied the 1 (for example. 1 1 km/h) following, it is judged as the time of start, the 1st predetermined value VS 
from which VR (= (VRL+VRR)/2) serves as criteria of start decision whenever [ average velocity-of-rear- 
wheel ] — When judged as the time of start, it distinguishes whether the start assistant flag F is set to "1" (S5), 
and if it is F= 0, difference **V with VR will distinguish whether it is more than predetermined reference-value 
**VS the average front-wheel rate VF (= (VFL+VFR)/2) and whenever [ average velocity-of-rear-wheel ] (SB). 
If it is ♦*V>=**VS, while judging that front wheels 3L and 3R have slipped, and setting the start assistant flag F 
to "1" (S7), next energizing to a solenoid 112 and turning on the brake means 1 1 (S8), as for the normal rotation 
direction (at the time of advance), ** drives electric motors 7L and 7R in the inversion direction (at the time of 
go-astern). According to this, the output torque of each electric motors 7L and 7R is transmitted to each rear 
wheels 4L and 4R as driving force through each moderation gear trains 9L and 9R and each differential gears 8L 
and 8R, rear wheels 4L and 4R drive, and start is assisted. 

[0018] There where to control the output torque of electric motors 7L and 7R on the occasion of start 
assistance so that rear wheels 4L and 4R do not slip is desired by the way, with this operation gestalt The 
angular a cceleration dVRL and dVRR of each rear wheels 4L and 4R on either side is computed based on signal 
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change of Sensors 13L and ISRj^aenever [ velocity-of-rear-wheel ]. DistiM^sh (S91. S92X and if dVRL and 
dVRR are less than one dVRSC^^Bether it is more than 1 st set point dV^^CO.SG and G are gravitational 
acceleration by vehicle speed cowersion) from which dVRL and dVRR serves distinction criteria of a slip 
dVRL and dVRR distinguish whether it is below the 2nd set point dVRS2 (it is 0.4G by vehicle speed conversion) 
used as the distinction criteria of grip recovery (S101, S102). If dVRL and dVRR are two or less dVRS(s), the slip 
distinction flags FLS and FRS of each rear wheels 4L and 4R on either side will be reset to "0" (S1 11. S1 12). 
and desired value of the output torque of each electric motors 7L and 7R on either side will be made into the 
high set point TH (for example, 40kgfm(s)) (SI 21, SI 22). On the other hand, when dVRL and dVRR are set to 
one or more dVRS(s), FLS and FRS are set to "1" (SI 31, SI 32). and desired value of the output torque of each 
electric motors 7L and 7R is made into the set point TL of a low eye (for example, lOkgfm(s)) (SI 41, SI 42). 
Moreover, when it is dVRS2<dVRL and dVRR<dVRS1. it distinguishes whether FLS and FRS are set to 
"1 " (8151, S152), if it is FLS and FRS=1. it will progress to the step of S141 and S142. and if it is FLS and 
FRS=0, it will progress to the step of SI 21 and SI 22. Thus, after setting up desired value, drive control of each 
electric motors 7L and 7R is carried out so that the output torque may become desired value (SI 61, SI 62). 
[0019] In this way, until dVRL and dVRR are set to one or more dVRS(s) (i.e., until each rear wheels 4L and 4R 
slip) Once the output torque of each electric motors 7L and 7R is maintained by TH and each rear wheels 4L 
and 4R slip, the output torque of each electric motors 7L and 7R will fall to TL until dVRL and dVRR are set to 
two or less dVRS (i.e., until the grip of each rear wheels 4L and 4R is recovered). In addition, each electric 
motors 7L and 7R are controlled to change gradually towards [ since the shock by rapid torque change although 
it changes to the shape of a step as a dotted line shows desired value to drawing 5 , if a motor current is 
changed to the shape of a step as it is occurs as an output torque shows drawing 5 as a continuous line ] 
desired value. 

[0020] When it became VR>=VS1 and is judged as the completion of start, or when it is judged with **V<**VS 
at the step of S6 even if it is at the start time While resetting the start assistant flag F to "0" (SI 7), stop the 
energization to a solenoid 1 12 and the brake means 1 1 is turned off (SI 8). Next, carry out another [ of whether 
it became more than the 2nd predetermined value VS2 (for example, 20 km/h) which VR set up more highly than 
VS1 ] (SI 9), and if it is VR<VS2 While resetting the slip distinction flags FLS and FRS of each rear wheels 4L 
and 4R to "0", (S201, S202), and the drive of each electric motors 7L and 7R are stopped (S21 1, S212). If the 
brake means 1 1 is turned off and constraint of ring gear 8b is canceled, unless ring gear 8b races in carrier 8d of 
differential gears 8L and 8R, and this direction and produces the difference rotation between rear wheel 4L on 
either side and 4R. Sun Geer 8a of differential gears 8L and 8R will not rotate, and the reverse drive from the 
rear wheel 4L side of electric motors 7L and 7R and the 4R side will not be produced. 

[0021] When it becomes VR>=VS2, the desired value MA of the revolution assistant moment set up as the 
driving force of front wheels 3L and 3R is computed from the cross-direction acceleration which is acting on a 
car, an engine speed NE, and the throttle opening theta and the change gear ratio of a change gear 2 and it is 
shown in drawing 6 by making into a parameter this front-wheel drive force and longitudinal direction 
acceleration which is acting on a car is computed by map retrieval (S22). In addition, this desired value MA 
becomes zero at the time of the rectilinear propagation to which longitudinal direction acceleration serves as 
zero, and it is set up so that it may increase with the increment in longitudinal direction acceleration and the 
front-wheel drive force. 

[0022] When the revolution assistant moment is required, while rotating the electric motor by the side of an 
outer ring of spiral wound gasket normally among the electric motors 7L and 7R on either side, with the brake 
means 1 1 turned off, the electric motor by the side of an inner ring of spiral wound gasket is reversed. For 
example, at the time of clockwise rotation, while rotating left-hand side electric motor 7L normally, right-hand 
side electric motor 7R is reversed. While according to this Sun Geer 8a of left-hand side differential-gear 8L 
rotates normally and the carrier 7d rotates normally to ring gear 7b, Sun Geer 8a of right-hand side differential- 
gear 8R is reversed, and the carrier 8d is reversed to ring gear 8b. In this case, although the reaction force of 
the inversion direction acts on ring gear 8b of left-hand side differential-gear 8L and the reaction force of the 
normal rotation direction acts on ring gear 8b of right-hand side differential-gear 8R, since both the ring gears 
8b and 8b are connected with **, both reaction force is negated. Therefore, it accelerates carrier 8d of left- 
hand side differential-gear 8L, i.e., left rear ring 4L, on the basis of the rotational speed of ring gear 8b, and 
carrier 8d of right-hand side differential-gear 8R, i.e., right rear ring 4R, is slowed down. In this way, damping 
force is given to outer-ring-of^spiral-wound-gasket slack left rear ring 4L at driving force and inner-ring-of- 
spiral-wound-gasket slack right rear ring 4R, the yaw moment to the clockwise rotation direction occurs, and 
revolution is assisted. 

[0023] If revolution assistant control is succeedingly carried out to start assistant control, even if it will stop the 
energization to a solenoid 1 12 here Torque acts on the brake means 1 1 by the drive of the electric motors 7L 
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and 7R of right and left for rev^^on assistance. The gear-tooth side fd^^B>f the dog gear teeth 1 10a and 111a 
of the movable dog 110 and th^Wed dog 1 1 1 carry out a pressure weldi^^y this torque, it becomes impossible 
by friction between gear-tooth side faces breaking away the movable dog 1 10 from the fixed dog 1 1 1 by the 
energization force of spring 1 12b, and the brake means 1 1 will remain being ON. However, with this operation 
gestalt, it can prevent that revolution assistant control is not performed after becoming VR>=VS1 and 
completing start assistant control until VR goes up to VS2. but the brake means 1 1 is certainly turned off in the 
meantime, therefore revolution assistant control is performed while the brake means 1 1 has been ON. 
[0024] In addition, if the output torque of electric motors 7L and 7R is started so that the revolution assistant 
moment of the desired value MA computed at the step of S22 may be obtained from the time of initiation of 
revolution assistant control, a result at which a car turns suddenly during revolution acceleration in the place 
which became VR>=VS2 will be brought, and a shock will be produced in car behavior. With this operation 
gestalt. then, as a correction factor of the revolution assistant moment The vehicle speed multiplier K increased 
gradually from 0 to 1 with the increment in VR between VS2 and the 3rd predetermined value VS 3 (for example, 
30 km/h) set up more highly than this as shown in drawing 7 is set up. It distinguished whether VR was set to 
three or more VS (S23), and if it is VR<VS3, the vehicle speed multiplier K according to VR would be computed 
by table retrieval (S24), and the desired value MA of the revolution assistant moment will be amended to the 
value which carried out the multiplication of the vehicle speed multiplier K (S25). 

[0025] And the desired value of the normal rotation torque of the electric motor by the side of an outer ring of 
spiral wound gasket required to obtain the revolution assistant moment of desired value MA and the desired 
value of the inversion torque of the electric motor by the side of an inner ring of spiral wound gasket are 
computed (S261, S262), and while carrying out the normal rotation drive of the electric motor by the side of an 
outer ring of spiral wound gasket so that the torque of this desired value may be outputted, the inversion drive 
of the electric motor by the side of an inner ring of spiral wound gasket is carried out (S271, S272). If revolution 
assistant control is started in this way in the place which became VR>=VS2 during revolution acceleration, by 
the time it is accelerated from VS2 to VS3, the revolution assistant moment will be gradually increased towards 
desired value MA, and revolution assistance will be performed smoothly, without producing the shock of car 
behavior. 

[0026] As mentioned above, although the 1st operation gestalt which performs start assistance and revolution 
assistance using the electric motors 7L and 7R of one pair of right and left was explained, it is also possible to 
perform start assistance and revolution assistance using one electric motor 7 like the 2nd operation gestalt 
shown in drawing 8 . One pair of bevel-gear type differential gears SOL and 80R constitute the power 
transmission device between an electric motor 7 and the rear wheels 4L and 4R on either side from the 2nd 
operation gestalt. 

[0027] Each differential gears SOL and 80R support to revolve pinion 80d which gears with one pair of side gears 
80b and 80c and both the side gears 80b and 80c which change from bevel gear to differential-case 80a, change, 
and have connected 1st side gear 80b inside [ shaft-orientations ] both the differential gears 80L and 80R, and 
80b. and both the differential gears SOL and SOR — on the other hand, the electric motor 7 was connected with 
differential-case 80a of right-hand side differential-gear SOR through the gear train 9, and 2nd side gear 80c of 
the shaft-orientations outside of this differential-gear SOR is connected with the axle of right rear ring 4R 
through a constant-velocity joint 10. The baffle of the differential-case SOa of left-hand side differential-gear 
SOL is carried out, and he is trying to connect alternatively the constant-velocity joint 10 connected with the 
axle of left rear ring 4L at 1st side gear 80b inside [ shaft-orientations ] this differential-gear SOL, and outside 
2nd side gear SOc through a means for switching 22. Movable dog 22a which made the constant-velocity joint 10 
for left rear ring 4L enable baffle engagement of the sliding of shaft orientations of a means for switching 22, It 
consists of dog clutches which have the fixed dogs 22b and 22c attached in 1st side gear SOb of left-hand side 
differential-gear SOL. and 2nd side gear SOc, respectively. He makes movable dog 22a move by solenoid 22d 
controlled by the controller outside drawing, and is trying to make it engage with both the fixed dogs 22b and 22c 
alternatively. 

[0028] If the constant-velocity joint 10 for left rear ring 4L is connected with 1st side gear SOb of left-hand side 
differential-gear SOL If it will be directly linked with 1st side gear SOb of right-hand side differential-gear SOR by 
left rear ring 4L and it rotates normally or reverses differential-case SOa of right-hand side differential-gear SOR 
with an electric motor 7 Both the rear wheels 4L and 4R on either side are rotated normally or reversed, and 
start assistance of advance or go-astern is performed. 

[0029] If the constant-velocity joint 10 for left rear ring 4L is connected with 2nd side gear SOc of left-hand side 
differential-gear SOL, as long as 1st side gear SOb will rotate to an opposite direction at left rear ring 4L and 
uniform velocity and the rear wheels 4L and 4R on either side will rotate at uniform velocity, differential-case 
SOa of right-hand side differential-gear SOR does not rotate. And if differential-case SOa of right-hand side 
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differential-gear 80R is rotated nMTi^''y ^^^^ electric motor 7 If acceler^^g rotation of the 2nd side gear 
80c of this differential-gear BOR^fcrried out to 1st side gear 80b, and it^^^lerates right rear ring 4R rather 
than left rear ring 4L and differennal-case 80a of right-hand side differentiaPgear 80R is reversed Accelerating 
rotation of the 1st side gear 80b is carried out to 2nd side gear 80c of this differential-gear 80R. it accelerates 
left rear ring 4L rather than right rear ring 4R, and revolution assistance is performed. 

[0030] Also in the 2nd operation gestalt, like the above from and the thing for which the output torque of an 
electric motor 7 is controlled according to the angular acceleration of rear wheels 4L and 4R By forbidding 
activation of revolution assistant control until it controls a slip of a rear wheel, and it can improve the certainty 
of start assistance and it becomes VR>=VS2 It can prevent that revolution assistant control is performed while 
the means for switching 22 had been held at the condition of linking the constant-velocity joint 10 for left rear 
ring 4L with 1st side gear 80b of left-hand side differential-gear 80L directly. Furthermore, revolution assistance 
can be smoothly performed by amending the desired value MA of the revolution assistant moment using the 
vehicle speed multiplier K, without producing the shock of car behavior. 

[0031] Moreover, activation of revolution assistant control forbids until it carries out predetermined-time 
progress from the completion point in time of start assistant control, and the revolution assistant moment may 
be made it being increased gradually from the initiation time of revolution assistant control with the above- 
mentioned operation gestalt, although the gradual increase of the prohibition period of the revolution assistant 
control after completion of start assistant control and the revolution assistant moment after initiation of 
revolution assistant control has specified based on VR (the vehicle speed) with time towards desired value MA. 
[0032] 

[Effect of the Invention] According to this invention, according to the road surface mu of the touch-down part of 
a coupled driving wheel, the output torque of an electric motor is controlled appropriately, and the certainty of 
start assistance can be improved so that clearly from the above explanation. 



[Translation done.] 
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* NOTICES * ^ 

JPO and NCIPI are not responsible^r any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] Drawing showing the example of use of this invention equipment 
[Drawing 2] The sectional view of the 1st operation gestalt of this invention equipment 
[Drawing 3] The block diagram of the control system of the 1st operation gestalt 
[Drawing 4] The flow Fig. showing the control program of the 1 st operation gestalt 

[Drawing 5] The graph which shows torque change of the electric motor at the time of start assistance 

[Drawing 6] The graph which shows a setup of the desired value of the revolution assistant moment 

[Drawing 7] The graph which shows a setup of a vehicle speed multiplier 

[Drawing 8] The skeleton Fig. showing the 2nd operation gestalt of this invention equipment 

[Description of Notations] 

1 Engine 3L, 3R Front Wheel (Driving Wheel) 

4U 4R Rear wheel (coupled driving wheel) 5 Electromotive driving gear 
7U 7R Electric motor 21 Controller 



[Translation done.] 
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